ABSTRACT: High prolificacy of sows and increased fetal survival lead to greater incidence of intrauterine crowding (IUC), which may then affect pre-and postnatal development of the progeny. The aim of the study was to assess the impact of IUC, using unilaterally hysterectomized-ovariectomized gilts (UHO), on organ and muscle development of their progeny at birth. In the study, 7 UHO and 7 intact control (Con) Swiss Large White gilts were used. At farrowing, if available, 3 male and 3 female progeny with a low (>0.8 and <1.2 kg), medium (>1.2 and <1.4 kg), and high (>1.6 kg) birth weight (BtW) were killed. Internal organs and brain were weighed, and semitendinosus (STN), psoas major (PM), and rhomboideus (RH) muscles were collected. Histological analyses were performed in PM, RH, and STN (dark and light portion) using myofibrillar ATPase staining after preincubation at pH 10.3. Myosin heavy chain (MyHC) polymorphism was determined in the PM using SDS-PAGE gel electrophoresis. Despite that only one-half of the uterine space was available, litter size was smaller (P < 0.01) only by 35% in UHO compared with Con gilts. However, UHO progeny tended (P = 0.06) to be lighter than Con progeny. The average BtW of the selected piglets did not differ (P = 0.17) between the 2 sow groups, whereas PM and kidneys tended to be lighter (P < 0.07) in UHO than in Con progeny. Compared with Con progeny, the PM and the STN dark of UHO progeny had fewer (P ≤ 0.05) secondary and total myofibers as well as fewer (P = 0.10) primary myofibers in the PM. In the RH, the secondary-to-primary myofiber ratio was smaller (P < 0.01) in UHO than in Con progeny, whereas the total number of myofibers did not (P = 0.96) differ. The relative abundance of fetal MyHC was less (P = 0.02) and that of type I MyHC tended (P = 0.09) to be greater in UHO than in Con offspring. With increasing BtW, organ and brain weights increased (P < 0.01). Muscle cross-sectional area and total number of myofibers in the light portion of the STN were greater (P < 0.05) in high and medium than in low piglets. In conclusion, IUC reduced hyperplasia of secondary and total myofibers in the STN dark and PM. These effects were independent of the BtW and sex. 
INTRODUCTION
Because of high prolificacy, intrauterine growth retardation is a common feature in pigs, inducing a reduction in average birth weight (BtW) and an increase in its variability (Quiniou et al., 2002) . Père and Etienne (2000) reported that when litter size increases, the uterine blood flow increases as well, but to a lesser extent than the number of fetuses, resulting in a reduced uterine blood flow and thus a reduced nutrient supply per fetus. There is evidence that intrauterine crowding (IUC) is linked to intrauterine growth retardation. One possible outcome is a greater percentage of lighter BtW pigs within a litter and a concomitant impaired hyperplasia of muscles from lighter BtW pigs (Rehfeldt and Kuhn, 2006) . Results of recent studies suggest that because of less myofiber hyperplasia, lighter BtW pigs grow slower, have fatter carcasses, and have impaired meat quality compared with their heavier siblings (Gondret et al., 2006) . Bérard et al. (2008) confirmed that litter size affects average BtW of lighter and medium BtW barrows, but its impact on growth performance and carcass quality was minor. A possible reason for the variable effects of litter size on the variables examined is that litter size only partially reflects IUC (especially for small litters) because it does not account for fetal losses during gestation. Unilaterally hysterectomized-ovariectomized (UHO) gilts have been previously used to investigate uterine capacity and embryo development (Knight et al., 1977; Huang et al., 1987) , but to our knowledge never to study myogenesis. It has been shown that the remaining ovary of UHO gilts compensates for the missing ovary by a greater ovulation rate. Thus, the fetuses will develop in the remaining uterine horn and, consequently, in a crowded environment (Martin et al., 1986) . Therefore, this model offered the possibility to assess the effect of IUC on myogenesis in pigs.
MATERIALS AND METHODS
All procedures involving animals were approved by the Swiss Cantonal Committee for Animal Care and Use.
Animals and Treatments
The study used 14 primiparous Swiss Large White gilts (7 pairs of siblings). At approximately 30 kg of BW, 1 of each pair was randomly selected and subjected to the unilateral-hysterectomy-ovariectomy surgery, where the left uterine matrix and the correspondent ovary were removed under general anesthesia. No postsurgical problems occurred and the wounds healed completely. The correspondent sister was kept intact as a control (Con). Subsequently, the gilts were conventionally reared in groups with other breeding gilts until they reached the mating BW of approximately 160 kg.
For estrus stimulation, 5 mL/d of Regumate Porcine (Intervet International B.V., Boxmeer, the Netherlands) were injected subcutaneously for 18 d. At d 18, 5 mL of Folligon (Intervet International B.V.) and, 4 d later, 1.5 mL of Chorulon 1500 (Intervet International B.V.) were injected subcutaneously. During estrus, the 14 gilts were artificially inseminated 3 times with unfrozen semen from Swiss Large White boars (Suisag, Sempach, Switzerland) . From mating to farrowing, gestating sows were reared with other primiparous gilts in group pens equipped with an automatic feeder (Compident, model 2000, Schauer, Prambachkirchen, Austria). They were offered daily 2.5 kg of a standard gestation diet (Table 1) and had free access to water.
Blood Sample Collection and Analyses
At d 24 of gestation and after 10 h feed withdrawal, gilts were individually weighed and blood samples were collected via puncture of a jugular vein into 9-mL heparinized tubes (Vacuette, Greiner Bio-one GmbH, St. Gallen, Switzerland). Samples were then centrifuged at 1,600 × g for 15 min at room temperature. Subsequently, plasma was transferred to 2-mL microtubes (Treff AG, Degersheim, Switzerland) and stored at -20°C until analysis. Estrone sulfate (E1S) concentration in the plasma samples was determined with a commercial RIA kit (Estrone-sulfate DSL-5400, Diagnostic System Laboratories, Webster, TX) modified for the use with swine plasma (Gaustad-Aas et al., 2002) . Interassay CV in samples containing 0.62, 2.60, and 5.22 ng/mL were 10.8, 5.2, and 8.9%, respectively. Minimum detection limit in the assay was 0.01 ng/mL.
Data and Tissue Sample Collection at Farrowing
At the end of farrowing, litter size, BW, and sex of each piglet, as well as the number of the mummified fetuses, were recorded for each sow. To select the piglets for tissue collection, 3 BtW classes were defined: low = <1.2 kg, medium (Med) ≥1.2 to ≤1.6 kg, and high >1.6 kg. Piglets with a BtW less than 0.8 kg were considered runts and were not taken into account for sample collection. It was planned to euthanize 1 male and 1 female piglet per BtW class from each gilt. Instead of the planned 84 (14 gilts × 6 piglets/litter), only 70 piglets were killed because, in several litters, especially in UHO gilts, 14 piglets were not available or their BtW did not meet the aforementioned BtW criteria. The selected piglets were individually stunned using an isofluran-oxygen mixture [4% (vol/vol)] for 2 The energy, nutrient, and AA contents per kilogram of DM of the gestation diet were DE, 12.1 MJ; total ash, 62.2 g; ether extract, 68.4 g; crude fiber, 94.0 g; proline, 10.3 g; cysteine, 3.1 g; aspartate, 13.5 g, serine, 7.0 g; glutamate, 30.2 g, histidine, 4.0 g; glycine, 7.4 g; threonine, 6.2 g; arginine, 9.6 g; alanine, 7.2 g, tyrosine, 5.1 g, tryptophan, 2.1 g; methionine, 2.5 g; valine, 8.0 g; isoleucine, 6.6 g; leucine, 11.8 g; lysine, 7.9 g. min and then exsanguinated. Subsequently, the weights of the hearts, livers, kidneys, spleens, lungs, and brains were determined. Brain-to-liver weight ratio was calculated to estimate the fetal growth retardation (Town et al., 2005) . In addition, from the left carcass side, 3 muscles were completely excised: the semitendinosus (STN), consisting of a light (STN light ) and dark (ST-N dark ) portion, the psoas major (PM), and the rhomboideus (RH) muscles. These muscles were selected because it is well known that in slaughter pigs they differ in their metabolic and contractile properties: the STN light will be predominately composed of fast-twitch glycolytic myofibers and the STN dark , RH, and PM of slow-and fast-twitch oxido-glycolytic myofibers. The muscles were immediately frozen in isopentane cooled in liquid nitrogen and stored at −80°C for later histological analysis.
Histological Analyses
Histological analyses were performed on the STN dark of all selected newborn piglets (n = 70). In contrast, histological analyses of the STN light , the PM, and the RH muscles were performed in 38 newborn piglets. The latter were selected to highlight the effect of IUC because the piglets originated from 4 pairs of gilts (Con and UHO), where the difference in litter size was less than 35% (14 vs. 9, 11 vs. 8, 10 vs. 10, and 11 vs. 8 piglets/litter, respectively). Frozen muscle samples were equilibrated for 30 min at −20°C, cut from the stick, and trimmed to facilitate transverse sectioning. Samples were then mounted on a cryostat chuck with a few drops of embedding resin (Shandon Cryomatrix, Shandon Inc., Pittsburgh, PA), and 10-µm-thick serial sections were cut using a Cryotome (Shandon Inc.). Two sections were mounted on glass microscopic slides, air-dried for 60 min, and stored at 4°C for approximately 6 h. The same day, immunocytochemical detection of type I myosin heavy-chain (MyHC) isoform (NCLMHCs diluted: 1:20, Novocastra, Newcastle. UK) was carried out as described previously . The sections were also stained for the determination of myofibrillar ATPase (mATPase) activity after alkaline (pH 10.3) or acid (pH 4.5) preincubation. In the STN dark , PM and RH primary (Prim) myofibers stain light and secondary (Sec) myofibers dark using the basic preincubation condition, whereas the opposite occurs after acid preincubation. In addition, Prim myofibers can be segregated by size from the Sec myofibers. In the STN light neither the MyHC nor the mATPase staining procedure allowed the differentiation between Prim and Sec myofibers.
The stained sections were observed at 8 magnifications (MyHC and mATPase) and 20 (mATPase) magnifications using a BX50 microscope in transmitted light mode (Olympus Optical Co., Hamburg, Germany) equipped with a high-resolution digital camera (ColorView12, Soft Imaging System GmbH, Münster, Germany). The sections of all muscle samples at the 2 magnifications were captured as TIFF files, and the cross-sectional area (CSA) as well as the numbers of Prim and Sec myofibers were determined with the analySIS 3.0 image analysis software (Soft Imaging System GmbH) as follows: . The number of Prim myofibers, counted in the selected area, and the CSA of the STN dark , PM, and RH were used to estimate the total number of Prim myofibers.
3) Secondary myofiber number. The number of Sec myofibers was determined in mATPase images (preincubation = pH 10.3; 20× magnification).
Four images containing at least 33 Prim myofibers were selected, and all the surrounding Sec myofibers were counted (approximately 1,000 Sec myofibers). This permitted calculating the Sec/Prim ratio as well as estimating the total Sec myofiber number. The images obtained from mATPase stained sections after acid preincubation were used to cross-check the correct assignment of Prim and Sec myofibers. 4) Total number of myofibers (TNF). The TNF in the STN dark , PM, and RH was calculated from the respective estimated total number of Prim and Sec myofibers. In the STN light , the number of myofibers was determined in mATPase-stained sections after acid preincubation where approximately 3,000 myofibers were counted in an area of 1.47 mm 2 . The number of counted myofibers, the according measurement area, and the CSA of the STN light were used to estimate the TNF.
SDS-PAGE Gel Electrophoresis
The MyHC distribution in the PM of the 38 selected piglets was determined using SDS-PAGE gel electrophoresis. One 20-µm-thick transverse serial section of the muscle, corresponding to approximately 500 µg of tissue, was vortexed 3 × 30 s at room temperature in 500 µL of Laemmli buffer [126 mM Tris-HCl pH 6.8, 20% (wt/vol) glycerin, 4% (wt/vol) SDS, 0.02% (wt/ vol) bromphenol blue, and 2% (vol/vol) 2-mercaptoethanol]. Fifty microliters of total dissolved extract was loaded on a 7% polyacrylamide separating gel [acrylamide: N,N′-bis-methylene acrylamide = 50:1 (wt/wt), 30% (wt/vol) glycerol, 100 mM glycine, 0.1% (wt/vol) SDS, 0.05% (vol/vol) N′N′N′N′-tetramethylethylenediamine, 0.1% (wt/vol) ammonium persulfate, and 500 mM Tris-HCl, pH 8.8] and run at 100 V for 22 h on a SE 600 Ruby Hoefer unit, 15 × 12 cm (Amersham Biosciences). A 5% polyacrylamide gel [acrylamide: N,N′-bismethylene acrylamide = 37.5:1 (wt/wt), 30% (wt/vol) glycerol, 100 mM EDTA, 0.1% (wt/vol) SDS, 0.125% (vol/vol) N′N′N′N′-tetramethylethylenediamine, 0.075% (wt/vol) ammonium persulfate, and 125 mM Tris-HCl, pH 6.8] was used for the stacking gel. The running buffer contained 25 mM Tris, 192 mM glycine, and 0.1% (wt/vol) SDS and 0.1% (vol/vol) 2-mercaptoethanol. After electrophoresis, gels were fixed for 1 h [40% (vol/ vol) methanol, 10% (vol/vol) glacial acetic acid] and subsequently stained for 5 h with 0.12% (wt/vol) Coomassie brilliant blue G-250 [20% (vol/vol) methanol, 10% (vol/vol) phosphoric acid 80%, 10% (wt/vol) ammonium sulfate]. Gels were destained using distilled water for 20 min. Densitometry scans of the gels were performed using the GS-710 densitometer (BioRad Laboratories, Reinach, Switzerland) and the Quantity One software (BioRad Laboratories). The relative proportions of the different MyHC isoforms identified according to Lefaucheur et al. (1995) were expressed as a percentage of the sum of the detected individual MyHC isoforms. Figure 1 shows an example of a polyacrylamide gel depicting embryonic, fetal, type II (sum of IIa, IIx, IIb), and type I MyHC isoforms. Running and gel conditions did not allow differentiation between the fast adult MyHC isoforms IIa, IIb, and IIx. However, the separation between fetal, type II, and type I MyHC isoforms was unambiguous.
Statistical Analyses
Data were analyzed using MIXED procedure (SAS Inst. Inc., Cary, NC). The statistical model for the data on reproductive performance and the E1S concentration in the plasma obtained from the sows included treatment as a fixed effect and pedigree of gilts as a random effect. Data obtained from the selected newborn piglets were analyzed using treatment, BtW class, sex, and the 2-and 3-way interactions as fixed effects and pedigree of gilts as a random effect. The piglet was the experimental unit. Least squares means were compared using the PDIFF option with probability levels of P < 0.05 being considered significant, and levels of P < 0.10 were referred to as tendencies. In the tables, data are reported as least squares means and pooled SEM.
RESULTS

Sow Performance
The BW at insemination and at d 110 of pregnancy did not (P ≥ 0.14) differ between the 2 experimental groups of gilts (Table 2) . However, the BW gain during gestation was less (P < 0.01) in UHO compared with Con gilts. This is partly due to the decreased (P < 0.01) total litter weight in UHO gilts. Although uterine space was reduced by one-half, litter size was only 35% smaller (P < 0.01) in UHO compared with Con gilts, likely resulting in greater IUC for UHO progeny. Expressed as a percentage of the litter size, the proportion of low BtW (<1.2 kg; 49 vs. 29%) offspring was greater (P < 0.05), whereas that of Med (>1.2 to <1.6 kg; 37 vs. 48%) and high (>1.6 kg; 14 vs. 23%) BtW progeny was less (P < 0.05) in UHO compared with Con gilts. The number of mummies did not (P = 0.37) differ between the 2 sow groups. Overall, average litter BtW tended (P = 0.06) to be less in UHO compared with Con gilts. At d 24, plasma E1S concentration did not (P = 0.31) differ among the 2 groups of gilts.
Morphometric Measurements in the Selected Newborn Piglets
According to our intent, the average BtW of the progeny selected for tissue collection did not differ (P = 0.18) between the 2 treatment groups (Table 3 ). The PM muscles and kidneys tended (P ≤ 0.07) to be lighter in piglets from UHO compared with Con gilts, whereas Figure 1 . Polyacrylamide gel depicting myosin heavy-chain (MyHC) isoforms from whole-muscle extracts of the psoas major from individual piglets selected from control (CON) and unilateral hysterectomized-ovariectomized (UHO) gilts and from low, medium (Med), and high birth weight (BtW) piglets and that of a fetus at d 75 of gestation (fetus). All lanes were loaded with 50 µL of extract. Denomination of fetal, fast (sum of IIa, IIb, and IIx isoforms), and slow (I) MyHC isoforms is reported on the right side of the figure. the weights of the STN muscle, liver, brain, lung, heart, spleen, as well as the brain-to-liver weight ratio, were not (P ≥ 0.13) affected by treatment. Regardless of the surgical treatment, the weights of all STN, PM, internal organs, and the brain were lighter (P < 0.05), and the brain-to-liver weight ratio was greater (P < 0.05), in low compared with high piglets, with intermediate values for Med piglets. Except for the lungs, which tended (P = 0.10) to be lighter in male compared with female newborn piglets, the other traits were not (P ≥ 0.37) affected by sex and none of the 2-and 3-way interactions was significant (P ≥ 0.10).
Muscle Size and Myofiber Characteristics
The IUC environment had no (P ≥ 0.53) effect on muscle CSA of the 3 muscles analyzed (Table 4) . Compared with Con progeny, the number of Prim myofiber tended to be smaller (P = 0.10) in the PM of UHO progeny, whereas no (P ≥ 0.15) differences were observed in the STN dark and RH. The Sec myofiber number and, consequently, TNF were less (P ≤ 0.05) in the STN dark and PM muscles of UHO than Con offspring. By contrast, the TNF of the STN light as well as the STN did not differ (P ≥ 0.80) in UHO and Con offspring. The Sec/Prim ratio was smaller (P < 0.01) in the RH of UHO progeny. Regardless of the surgical treatment, the muscle CSA of the STN (STN dark and STN light ) and PM muscles were smaller (P < 0.05) in low compared with high and Med offspring, whereas the number of Prim and Sec myofibers, the Sec/Prim myofiber ratio, and TNF did not (P > 0.10) differ. The RH muscle was smaller (P < 0.05) in low and Med compared with high progeny. In this muscle, only the Sec/Prim myofiber ratio was affected (P < 0.05) by BtW being smaller in low compared with Med offspring with intermediate values for high piglets. The STN and STN light CSA of low offspring was smaller (P < 0.05) and this portion of the muscle had fewer (P < 0.05) myofibers than the STN light of Med and high offspring. Muscle CSA was smaller (P = 0.03) in female than in male piglets in the RH, but was not affected (P ≥ 0.15) by sex in the STN (STN dark and STN light ) and PM. Compared with males, the STN dark and RH of females had fewer (P ≤ 0.08) Prim and Sec myofibers and, consequently, TNF was less (P ≤ 0.08). The muscle size and myofiber characteristics were not (P > 0.10) affected by the 2-and 3-way interactions.
MyHC Polymorphism
Fetal MyHC was less (P = 0.03) abundant and type I MyHC tended (P = 0.09) to be more abundant in the PM of UHO compared with Con progeny (Table 5) . By contrast, the abundance of the fast adult MyHC isoforms (expressed as the sum of IIa, IIb, and IIx MyHC isoforms) was not (P = 0.20) affected by the IUC environment. Regardless of surgical treatment, only the relative abundance of the fetal MyHC isoform differed (P = 0.09) between BtW groups, tending to be greater in low compared with Med and high progeny. The MyHC isoform distribution was not (P ≥ 0.36) affected by sex or by the 2-and 3-way interactions. In the newborn piglets, the embryonic MyHC isoform could not be detected (Figure 1 ).
DISCUSSION
Increasing litter size has become a requirement in modern pig breeding programs to reduce production costs and to enhance the profitability of pig production. The long-term consequences of such a genetic selection strategy are not well known because the investigation is complex and the interpretation of the results is sometimes confounded by factors such as the extent of embryonic and fetal losses at different stages during gestation as well as impaired BtW (Foxcroft et al., 2006; Bérard et al., 2008) . Unilateral hysterectomyovariectomy, ovary ligation, or hyperprolificacy have been described as suitable sow models for examining uterine capacity (Christenson et al., 1987) and its effect on fetal development (Knight et al., 1977; Huang et al., 1987; Foxcroft et al., 2006) . Gilts subjected to unilateral hysterectomy-ovariectomy have been previously exploited to induce IUC (Christenson et al., 1987) . Results of several studies showed that in response to the removal of the contralateral ovary the remaining ovary undergoes a compensatory hypertrophy, thereby producing double the amount of ovules (Staigmiller et al., 1972; Martin et al., 1986) . Therefore, compared with intact gilts, in hysterectomized-ovariectomized gilts after fecundation a comparable amount of embryos will develop in one-half of the endometrial surface area.
In gestating sows, each embryonic unit produces estrone, which is conjugated with sulfate groups within the endometrium. Because the greatest embryonic losses occur in the implantation phase (Gadsby et al., 1980 ; van der Lende and van Rens, 2003; Foxcroft et al., 2006) , the postimplantation E1S concentration (d 24) could be a good indicator of the numbers of viable embryos (Gaustad-Aas et al., 2002) . In accordance, the same authors found a positive correlation (r = 0.26) between the E1S plasma concentration at d 24 and the number of newborn piglets at farrowing. Accordingly, the lack of differences in plasma E1S concentration observed in the present study could suggest that the number of viable embryos did not substantially differ between UHO and Con gilts. Similarly, Knight et al. (1977) found that before d 35 of gestation the number of live and dead embryos, the percentage of fetal survival, and the weight and length of the fetuses was similar in UHO and Con gilts. In line with these observations, it has been proposed that only after d 35 of gestation, uterine capacity becomes a limiting factor for fetal survival and development (Fenton et al., 1970; Foxcroft et al., 2006) . Nonetheless, Knight et al. (1977) showed that placenta surface area, total number of areolae per placenta, and areolae surface were smaller in UHO compared with Con gilts at all stages of gestation (20 to 100 d). The same authors concluded that placental insufficiency had to be the primary cause for the increased fetal loss and decreased fetal growth observed in UHO gilts during mid and late gestation. In the present study, unilateral hysterectomy surgery decreased uterine space by 50%. It might be expected that a 50% reduction would yield a 50% reduction in number of piglets born. However, number of pigs born alive was reduced only 35%. Furthermore, litters from UHO sows were lighter, and consequently, average piglet BtW was lighter. Although the number of mummies did not differ among the 2 groups of gilts, when expressed as a percentage of the litter size, the number was greater in UHO than in Con gilts. Because the uterus is not able to reabsorb the dead embryos after d 40 of gestation, one could conclude that embryonic losses in UHO gilts occurred not during implantation but during mid or late gestation. The shift toward greater embryonic losses in this period might have consequences for myogenesis because mid and late gestation are determinant for the Prim and Sec myofiber formation.
Regardless of the BtW, which in the present study was similar for the selected offspring in both sow groups, IUC had only a small direct impact on morphometric measurements. Only the weight of the kidneys and PM muscles were lighter in UHO than in C offspring, whereas among BtW groups, organ and muscle weights decreased with decreasing BtW. As mentioned previously, when all progeny of the litters were considered, the average BtW was markedly less and the percentage of low BtW offspring was greater in UHO compared with Con gilts. Thus, one can hypothesize that overall organ and muscle weight might be less because of IUC. Furthermore, it is well established that low BtW is associated with impaired postnatal growth (Quiniou et al., 2002; Bérard et al., 2008; Rehfeldt et al., 2008) and increased carcass fatness (Bee, 2004; Gondret et al., 2006) . Considering that in UHO gilts the percentage of offspring with a low BtW was greater than in Con Table 4 . Effect of unilateral hysterectomy-ovariectomy (UHO), birth weight (BtW), and sex on various muscle-fiber related traits in semitendinosus, psoas major, and rhomboideus muscle Within a row for the main factor birth weight, least squares means without a common superscript differ (P < 0.05).
1
Results are presented as least squares means and pooled SEM.
2 n = number of piglets; STN = semitendinosus; STN dark = dark portion of the STN; STN light = light portion of the STN; PM = psoas major; RH = rhomboideus.
3
Probability values for the effects of treatment (Trt), BtW, and sex. None of the 2-and 3-way interactions was significant (P > 0.05).
4 n = 39 for control; n = 31 for UHO; n = 23 for low, n = 31 for medium, n = 12 for high BtW, respectively; n = 31 for females, n = 39 for males.
gilts, IUC will result in a greater percentage of offspring with reduced growth potential and decreased carcass quality.
Conversely to the organ weights, IUC markedly affected myofiber hyperplasia in the selected piglets. Myogenesis is a biphasic phenomenon, as Prim and Sec myofibers develop from d 35 to 55 and d 55 to 90 of gestation, respectively. The initial population of myofibers is used as a template for the attachment and fusion of myoblasts to form Sec myofibers (Picard et al., 2002) . Dwyer et al. (1993) suggested that Prim myofiber number is a fixed genetic component and its development is unaffected by conditions occurring in utero. This statement is, to some extent, in contradiction with the present findings because in UHO progeny the PM had fewer Prim myofibers than the PM of Con progeny. The IUC effect on Prim myofiber formation was less distinct as might have been anticipated, which could be explained by the fact that uterine capacity at the early stage of gestation is less limiting than it is afterward (Foxcroft et al., 2006) . Accordingly, greater effects of IUC were observed in the number of Sec myofibers; on the one hand, fewer Prim fibers were available for the development of the Sec myofibers; on the other hand, the effect of crowding is much more determinant in the second half of gestation when competition among fetuses for maternal nutrient supply is pronounced (Foxcroft et al., 2006) . Thus, the fewer Prim and Sec myofibers together with the similar Sec/Prim ratio resulted in fewer TNF in the STN dark and PM muscles of UHO compared with Con progeny. Surprisingly, as a result of the greater number of Prim myofibers and the smaller Sec/Prim ratio, UHO progeny exhibited the same TNF in the RH as Con progeny. This discrepancy of the IUC effect between the RH and the STN and PM might be explained by the developmental time gradient, which runs cephalocaudally and proximodistally. Therefore, Prim myofibers in the less distal and caudal muscles like the RH would be developing when fetuses are small, less demanding, and intrauterine space is not yet a limiting factor. However, this does not explain why UHO progeny developed more Prim myofibers at this stage in the RH muscle.
The complete absence of any surgical treatment × BtW interactions indicates that IUC effects on muscle development were similar for the selected BtW classes. However, BtW per se had a distinct effect on the CSA of the muscles being larger in Med and high compared with low BtW piglets. Except for the STN light , these differences were not paralleled by differences in the TNF. Wigmore and Stickland (1983) found larger Prim myofibers in the STN of larger compared with smaller fetuses up to 70 d of gestation, but during late gestation the difference in Prim myofiber size declined as a result of the disappearance of the larger central myofibril-free region in heavier offspring. In contrast, Sec myofibers were larger throughout gestation in larger compared with smaller piglets. Thus, although the myofiber diameter was not determined in the present study, one can conclude that the larger CSA resulted from larger Sec myofibers in piglets with a greater BtW. In contrast to the STN dark , the smaller CSA of the STN light in low compared with Med and high BtW offspring matched the reduced TNF. Lefaucheur et al. (1995) found that the majority of the Sec myofibers in the STN light mature to fast type II myofibers at birth. Compared with slow-twitch myofibers, fast-twitch glycolytic myofibers appear to be more sensitive to atrophic action caused by restricted feeding and resulting in decreased BW (Lefaucheur, 2001 ). This could explain why the effect of BtW on TNF within the STN dark and STN light differed.
Myofiber hyperplasia in porcine muscles is thought to cease by d 90 of gestation. Therefore, postnatal growth is considered primarily to result from myofiber hypertrophy and increase in myofiber length (Wigmore and Stickland, 1983; Lefaucheur, 2001; Rehfeldt and Kuhn, 2006) . However, Mascarello et al. (1992) found very small diameter myofibers containing developmental (embryonic and fetal) isoforms of MyHC scattered between the larger diameter myofibers derived from primary and secondary myotubes. Mascarello et al. (1992) considered this to represent a different population of myotubes, designated tertiary myotubes. Lefaucheur et al. (1995) also reported the presence of very small diameter myofibers containing a fetal MyHC, which were formed early postnatally, confirming the existence of Within a row for the main factor birth weight, least squares means without a common superscript differ (P < 0.05). 1 Results are presented as least squares means and pooled SEM. 2 The abundance of the individual isoforms was expressed as the percentage of the individual isoform abundance to the total abundance of all isoforms.
3 Probability values for the effects of treatment (Trt), BtW, and sex.
a third generation of myofibers. Recently, Lösel et al. (2009) reported a marked increase in TNF at 4 wk of age, compared with the amount of TNF determined at birth in previous studies, and attributed this effect to the presence of tertiary myofibers. The existence of this population of myofibers is one possible explanation for the noted smaller percentage of fetal and greater percentage of type I/slow MyHC isoforms in UHO compared with Con progeny. These findings could mean that in the PM of UHO offspring, these tertiary myofibers are formed to a lesser extent than in Con offspring, and that this could affect muscle hyperplasia. Whether the development of this tertiary myofiber was related to the overall impaired myogenesis in this muscle cannot be established from the current data. Further studies are needed to determine the origin, extent, and growth potential of these tertiary fibers to develop postnatally.
Regardless of the sow treatment and BtW, myofiber hyperplasia in the STN dark and RH as well as in the STN light differed between sexes, being less in female compared with male offspring. It has been suggested that due to reduced TNF, postnatal growth is impaired (Dwyer et al., 1993; Rehfeldt and Kuhn, 2006) . Thus, the observed sex differences in myofiber hyperplasia are in line with the often reported slower growth during the grower and finisher period of females compared with males (Bee, 2004; Rehfeldt et al., 2008) .
In conclusion, UHO gilts were confirmed to be a predictable model for IUC, inducing a reduction in litter size, but to a much lesser extent than the uterine space is reduced. The expected reduction in average BtW occurred. The surgery of the gilts had a substantial impact on muscle hyperplasia of the offspring, especially on the formation of Sec myofibers. This coincides with the time frame when IUC becomes more determining. The IUC decreases TNF and consequently affects the postnatal growth potential, which can result in economic losses due to reduced lean proportion in carcasses of slaughtered pigs.
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